The Brazilian 14-X Hypersonic Aerospace Vehicle, a new generation of scientific aerospace vehicle, designed at Prof. Henry T. Nagamatsu Laboratory of Aerothermodynamics and Hypersonics, at Institute for Advanced Studies (IEAv), is part of the continuing effort of the Department of Aerospace Science and Technology (DCTA), to develop a technological demonstrator using: i) waverider technology to provide lift to the aerospace vehicle, and ii) scramjet technology to provide hypersonic airbreathing propulsion system based on supersonic combustion. In consequence of the nature of the supersonic combustion engines, they are unable to produce thrust while stationary, the static thrust is zero. Accordingly, they must be accelerated to a speed such that the shock waves produced by the air intake are able to compress the atmospheric air. This velocity, called initial operation speed, is approximately four times the speed of sound, Mach 4, considering scramjet. Two-stage, unguided, rail launched, solid rocket engines will be used to accelerate the 14-X Hypersonic Aerospace Vehicle to the pre-established conditions to operate the scramjet engine, i.e., position (altitude, latitude and longitude), speed (Mach number), dynamic pressure and angle of attack. The 14-X Hypersonic Aerospace Vehicle project consists of four atmospheric flights. The first flight is planned for 14-X captive (accelerator and 14-X vehicles coupled during the entire flight) unpowered scramjet Mach number 6; the second for 14-X free (accelerator and 14-X vehicles separated after burn of 2 nd stage of accelerator vehicle) unpowered scramjet Mach number 6 flight; and the two last are planned for free hydrogen-powered scramjet Mach number 6 and Mach number 10, respectively. Pure waverider aerodynamic, scramjet power off and power on as well as 14-X stage separation will be experimentally investigated using the three Hypersonic Shock Tunnels at Prof. Henry T. Nagamatsu Laboratory of Aerothermodynamics and Hypersonics. Pressure and temperature measurements at pure waverider external upper and lower surfaces and scramjet power off and power on internal surfaces will be obtain to provide wind-tunnel data to design the full 2-m. long atmospheric flight of 14-X Hypersonic waverider scramjet Aerospace Vehicle. Non-intrusive measurements using optical diagnostic techniques have been implemented at Hypersonic Shock Tunnels, as well as in-house computational fluid dynamics have been developed for waverider, scramjet and 14-X Hypersonic Aerospace Vehicle.
Figure 1: 14-X Hypersonic Aerospace Vehicle.
As it will be mentioned later, the 14-X Hypersonic waverider scramjet Aerospace Vehicle is operational only on hypersonic speeds, and a Hypersonic Accelerator Vehicle (S31 and S30 rocket engines) will be needed, in ballistic unguided rail launched solid rocket trajectory, as a low-cost solution to launch scramjet integrated vehicle to flight test conditions. Such approach may provide an affordable path for maturing Brazilian hypersonic airbreathing components and systems in flight.
A. 14-X Hypersonic waverider scramjet Aerospace Vehicle Concept
The 14-X Hypersonic Aerospace Vehicle, drawn by Costa 4 and Costa et al. [5] [6] , Fig. 2 , is a 2-m. long technology demonstrator designed to fly for the first time, in Brazil, a fully airframe-integrated waverider and scramjet technologies. American Institute of Aeronautics and Astronautics 3 shock wave in a sharp leading edge isolates the high pressure zone (lower surface) from the low pressure zone (upper surface), which inhibits the flow spillage. In general, the upper surface is aligned with the free stream hypersonic flow. Atmospheric air, pre-compressed by the leading-edge attached shock wave, which lies between the sharp attached leading edge shock wave and lower vehicle surface may be used in hypersonic airbreathing propulsion system based on scramjet technology. Hypersonic airbreathing propulsion, that uses supersonic combustion ramjet (scramjet) technology, Fig. 4 , offers substantial advantages to improve performance of aerospace vehicle that flies at hypersonic speeds through the Earth's atmosphere, by reducing onboard fuel. As a matter of fact, at hypersonic speeds, a typical value for the specific impulse of a H 2 -O 2 rocket engine is about 400s, while the specific impulse of a H 2 fueled scramjet is 2000s to 3000s. In fact, the use of atmospheric air as oxidizer allows air breathing propulsion vehicles to substantially increase payload weight. Basically, scramjet is a fully integrated airbreathing aeronautical engine that uses the oblique/conical shock waves generated during the hypersonic flight, to provide compression and deceleration of freestream atmospheric air at the inlet of the scramjet. Fuel, at least sonic speed, may be injected into the supersonic airflow just downstream of the inlet or at the beginning of the combustion chamber. Right after, both oxygen from the atmosphere and on-board hydrogen fuel are mixed. The combination of the high energies of the fuel and of the oncoming hypersonic airflow starts the combustion at supersonic speed. Finally, the divergent exhaust nozzle at the afterbody vehicle accelerates the exhaust gases, creating thrust. 
B. Hypersonic Accelerator Vehicle
The Brazilian Hypersonic Accelerator Vehicle which is composed by two-stage, unguided, rail launched, solid rocket engines, Fig. 5 , will be used to accelerate the 14-X Hypersonic Aerospace Vehicle 7 to the predetermined conditions of the scramjet operation, Fig. 6 For the three last flights, the 14-X Hypersonic Aerospace Vehicle will separate, at 30km altitude, from the 2 nd stage rocket engine of the Hypersonic Accelerator Vehicle. The scramjet will be operational for about 4-5 seconds in upward flight of the 14-X Hypersonic Aerospace Vehicle. After scramjet engine demonstration is completed, the 14-X Hypersonic Aerospace Vehicle will follow the ballistic flight. After reaching the apogee, the 14-X Hypersonic Aerospace Vehicle will follow the descending flight to splash into the Atlantic Ocean. Both Hypersonic Accelerator Vehicle and 14-X Hypersonic Vehicle will not be recovered. The CLA is operated by the Department of Aerospace Science and Technology (DCTA). CLA is the one of the wordl's closest launching base to the equator line, which gives the launch site a significant advantage in launching geosynchronous satellites, an attribute shared only by the Guiana Space Center (utilized by France), and it's position nearer the equator offers an advantage over Cape Canaveral (USA).
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II. 14-X Hypersonic Aerospace Vehicle Atmospheric Flights
The 14-X Hypersonic Aerospace Vehicle project consists of one atmospheric captive flight (accelerator and 14-X vehicles coupled during the entire) and three atmospheric free flights (accelerator and 14-X vehicles separated after burn of 2 nd stage of accelerator vehicle). The first flight is planned for 14-X captive scramjet-unpowered Mach number 6; the second flight for 14-X free scramjet-unpowered Mach number 6; and the last two flights are planned for free scramjet-hydrogen powered Mach number 6 and Mach number 10, respectively. All of them will be launched from the Alcântara Launch Center (CLA), Fig. 7 .
A. First two Atmospheric Flights of the 14-X Hypersonic Aerospace Vehicle
As mentioned early, the 14-X Hypersonic Aerospace Vehicle requires a Hypersonic Accelerator Vehicle to deliver it to the scramjet engine test condition, which for the first two flights is Mach number 6 at an altitude of approximately 30 km. The first Hypersonic Accelerator Vehicle candidate is the S31 and S30 unguided, rail launched, solid rocket engines, Fig. 8 , which are developed and manufactured by the Institute of Aeronautics and Space (IAE/DCTA). In general, sounding rockets are used for suborbital missions of space exploration, capable of delivering scientific and technological experiments to the suborbital orbit. Brazil (IAE/DCTA) has operational vehicles of sounding rocket class, which supply much of Brazilian needs, with a history of successful launches.
The Brazilian S31/S30 unguided rail launched solid rocket engines will accelerate the Brazilian 14-X Hypersonic Vehicle to 30 km altitude reaching a speed of approximately 1800 m/s (approximately Mach number 6), Fig. 6 .
The first atmospheric captive flight unpowered scramjet will have minimum system onboard. Additionally, the inlet and the exhaust section will be opened allowing the supersonic air flow through the internal surfaces of the scramjet. Finally, the goal of the first atmospheric captive flight is to obtain pressure and temperature measurements at waverider external lower surface and scramjet internal surface, structural and environmental temperatures. 8 The second atmospheric free flight unpowered scramjet will have all system (instrumentation, bacteries, telemetry, tanks, etc…) onboard. Again, the inlet and the exhaust section will be opened allowing the supersonic air flow through the internal surface of the scramjet and the pressurized inert gas in the scramjet fuel tank will be injected in the oncoming supersonic air flow. Telemetry will be onboard to transmit all data in real time.
Captive and free flight means the 2 nd stage solid rocket engine will not be separated from the 14-X Hypersonic Aerospace Vehicle, and the 2 nd stage rocket engine will be separated from the 14-X Hypersonic Aerospace Vehicle, respectively.
B. Interface adapter of the 14-X Hypersonic Aerospace Vehicle
An interstage adapter, Fig. 9 , has been designed to fit the nonaxisymmetric configuration of the 14-X Hypersonic Aerospace Vehicle to the cylindrical S30 solid rocket engine. The adapter consists of a cone at the adapter back to fit the cylindrical S30 rocket engine and of a glove at the adapter front to fit and to hold the 14-X back configuration. The design of the interstage adapter allows the flow from the scramjet to pass through the interstage adapter, Fig. 10 . 
III. Prof. Henry T. Nagamatsu Laboratory of Aerothermodynamics and Hypersonics
The objective of Prof. Henry T. Nagamatsu Laboratory of Aerothermodynamics and Hypersonics is to provide experimental hypersonic techniques to simulate the fly conditions of the aerospace vehicle by using the three pulsed hypersonic wind tunnels, known as hypersonic shock tunnels, Hypersonic shock tunnels are the most versatile experimental short duration facilities. They have been widely used for high velocity and high temperature research since the early 1950s. Shock tunnels are ground-based hypersonic test facilities which provide high enthalpy flows close to those encountered during the reentry of a space vehicle into the earth's atmosphere at hypersonic flight speeds. These short running time facilities require special measurement techniques to measure pressure and temperature (heat flux) for the models in the test section.
The basic hypersonic shock tunnel consists of a high-pressure (driver) section and a low-pressure (driven) section separated by a main diaphragm, a convergent-divergent nozzle and its diaphragm (attached at the end of the driven section), and a dump tank with the test section.
Experimental classical aerothermodynamics, experimental basic flow control using energy deposition by laser, basic research in supersonic combustion (scramjet) and laser propulsion are the main research areas in development in the 25-mm. x 50-mm. nozzle Hypersonic Shock Tunnel T1, Fig. 12 ; 0.30-m. nozzle exit diameter Hypersonic Shock Tunnel T2, Fig. 13 , and 0.60-m. nozzle exit diameter Hypersonic Shock Tunnel T3, Fig. 14. A 718.28-mm. long stainless steel pure waverider instrumented model has been experimentally investigated to understand hypersonic flow characteristics over the 14-X Hypersonic Aerospace Vehicle and to provide experimental data required to position the scramjet hypersonic airbreathing propulsion 9 . A 1500-mm. long stainless steel scramjet has been designed and will be experimentally investigated to provide the power off and power on flow characteristics 8 . Finally, 14-X Hypersonic Aerospace Vehicle coupled to 2 nd stage of the Hypersonic Accelerator Vehicle by the interstage adapter will be experimentally investigated to provide clean separation and risk reduction).
A. IEAv 25-mm. x 50-mm. nozzle Hypersonic Shock Tunnel T1
The original Hypersonic Shock Tunnel T1 was used in the basic research of CO 2 Gas Dynamic Laser 9 . Modifications of the original Hypersonic Shock Tunnel T1 have been done in order to develop basic research of a supersonic compression [10] [11] [12] , Fig. 12 . First, to the original driver section was added a 1.52-m. long extension to provide longer test time. Approximately 1-m. long transition section, from 68.5-mm. internal diameter of the original shock tube driven section to the 25-mm. x 50-mm. (with the same cross section area) was added to the end of the original driven section. 
B. IEAv 0.30-m. nozzle exit diameter Hypersonic Shock Tunnel T2
The Hypersonic Shock Tunnel T2, Fig. 13 , is capable of generating both high and low enthalpy hypersonic flow conditions 13 . In the high enthalpy runs, helium is used as the driver gas and the tunnel operates in the equilibrium interface condition to produce a useful test time of roughly 500 ms and reservoir conditions of 5000 K and 120 bar. In the low enthalpy case, air is used as the driver gas to produce a useful test time of about 1.5 ms and reservoir conditions of 950 K and 25 bar. The test section airflow Mach number is 6.2 in the high enthalpy tests and 7.8 in the low enthalpy ones. The same conical, 15 o half angle and 300 mm exit diameter, nozzle with a throat diameter of 22.5 mm is used in all cases. The different Mach numbers achieved are the result of the different reservoir conditions and real gas effects present in the tests.
Experimental classical aerothermodynamics [14] [15] , experimental basic flow control using energy deposition by laser [16] [17] [18] [19] [20] , basic research in supersonic combustion (scramjet) [21] [22] [23] . 24 , was designed by Toro et al. [25] [26] primarily, as Research and Development hypersonic facility for basic investigations in supersonic combustion applied to high-speed advanced airbreathing propulsion (scramjet 24, [27] [28] [29] [30] and Laser Propulsion [31] [32] ). 
D. Optical diagnostic techniques at the Hypersonic Shock Tunnels
Non-intrusive techniques [33] [34] [35] as infrared diode laser absorption spectroscopy, emission spectroscopy, Planar Laser-Induced Fluorescence (PLIF) have been used to measure different species concentration as well as temperature and velocity at the Hypersonic Shock Tunnel T2. Also, schlieren technique has been applied to flow visualization of the hydrogen-scramjet at the Hypersonic Shock Tunnel T2. All present non-intrusive measurement technique will be applied at Hypersonic Shock Tunnel T3.
The schlieren system, Fig. 15 , is composed by a pulsed xenon flash lamp, an optical slit and focusing lens (two parabolic and three flat mirrors), a knife edge which provides the necessary light cut-off to the ultra-high speed Cordin 550 camera rotating mirror records the images 14 . Additionally, Fig. 16 shows the schlieren light beam path and placement of the Cordin camera, with respect to the T3 Hypersonic Shock Tunnel test section. The Cordin 550 camera acquires 32 frames with a maximum resolution of 1000 x 1000 pixels at up to 2 million frames per second (fps) in full color. Such frame rates are achieved by a multi-faceted mirror spinning at high speeds, surrounded by 32 CCD elements which acquire images as the mirror rotates. Mirror rotation is driven by a turbine wheel supplied with high pressure N 2 for frame rates up to 500,000 fps, and pressurized He for the highest speeds.
A multichannel time-delay generator will be used to synchronize all the equipment used in the experiment (data acquisition system, and schlieren system) within the useful shock-tunnel time. The unit is triggered by a piezoelectric pressure transducer located immediately upstream of the nozzle entrance. Also, this transducer supplies the reservoir pressure of the nozzle. Two other piezoelectric pressure transducers, located 0.314-m. apart at the end of the tunnel-driven section, mounted flush with the shock tube (heavy section) inner wall, are used to time the incident shock wave.
E. Computational Fluid Dynamics applied to 14-X Hypersonic Aerospace Vehicle
The main technological challenge to design a new hypersonic airbreathing propulsion system and its components (aerothermodynamic heating, thermal protection systems and others) for hypersonic aerospace vehicles is the characterization of the complexity of the various flight regimes that hypersonic aerospace vehicles go through the various layers of the Earth's atmosphere and the thermo-physical phenomena inherent in this aggressive environment aerothermodynamics, such as continuous flow X non continuous flow (free molecular and transition flows), chemical equilibrium flow X nonequilibrium flow, the ideal gas (constant thermo-physical properties, or thermo-physical properties as a function of temperature only) X real gas (thermo-physical properties as a function of temperature, pressure and chemical composition, resulting in dissociation and ionization) and combustion in supersonic speed that takes place in the hypersonic airbreathing propulsion engines. Additionally, catalytic effects and/or ablative material of the outer surfaces of aerospace vehicles must be taken into account.
In-house computational fluid dynamic as well as commercial codes have been applied to full scale pure waverider, to power off and power on scramjet and in the interstage adapter to provide numerical data to design, along with the experimental data obtained in the ground-based hypersonic facilities of Prof. Henry T. Nagamatsu Laboratory of Aerothermodynamics and Hypersonics, the 14-X Hypersonic Aerospace Vehicle.
IV. 14-X Hypersonic waverider scramjet Aerospace Vehicle Experimental Investigation
The 14-X pure waverider surface 1 was designed based on Rasmussen et al. 36 concept, which is derived from a supersonic flow past a cone, Fig. 17 , with the volumetric efficiency and the viscous high lift-to-drag ratio as optimization parameters. Later, Rolim added a compression and expansion ramps to the pure waverider surface in order to provide the flow on a scramjet engine. The 14.5° deflection compression ramp is designed to capture the entire air flow compressed by the 5.5° waverider leading edge and to provide the ideal conditions for the supersonic combustion of the hydrogen, while the expansion section is assumed a 15° ramp [1] [2] [3] . A 718.28-mm. long stainless steel "waverider" model [1] [2] [3] [4] [5] [6] , Fig. 18 , instrumented with seven piezoelectric pressure transducers on the compression surface, was experimentally investigated on the equilibrium interface mode operation at the T3 0.60-m. nozzle exit diameter Hypersonic Shock Tunnel T3 [37] [38] at freestream Mach number from 8.9 to 10 with stagnation pressures between 2176-2938 psi and temperatures at the range of 1558-2150 K 1-3 . As it was mentioned earlier, atmospheric air, pre-compressed by 5.5° pure waverider leading-edge following compressed by 14.5° deflection compression ramp may be used in Hypersonic Airbreathing Propulsion system based on scramjet technology.
A 265.1-mm. long, 80-mm. wide and 35-mm. high combustion chamber [4] [5] [6] 39 was integrated at the 14-X Hypersonic waverider Aerospace Vehicle lower surface, between the end of 14.5° deflection compression ramp and the beginning at 15° expansion ramp, Fig. 21 , defined by the 14-X waverider aerodynamic experimental results [1] [2] [3] . Therefore, only one nacelle of the combustion chamber of the 14-X Hypersonic waverider scramjet Mach number 10 Aerospace Vehicle, Fig. 2 , truncated before the 14.5° deflection compression ramp was designed, Fig.  22 , and instrumented 4, 6 to experimentally investigate at the T3 Hypersonic Shock Tunnel, Fig. 23 . The 5.5° waverider leading edge surface of the truncated model was aligned with the free stream hypersonic flow, so that there is not conical shock wave generated by the 5.5° waverider leading edge. Also, in this configuration only the boundary layer will be established at the 5.5° waverider leading edge surface during the experimental runs. Quartz windows were designed and added at lateral and top surfaces to obtain schlieren photographs and to measure supersonic combustion (at the scramjet section) by using the non-intrusive techniques (infrared diode laser absorption spectroscopy, emission spectroscopy, Planar Laser-Induced Fluorescence/PLIF) during the supersonic combustion runs. Schlieren photograph, Fig. 24 , shows the 19.85° oblique shock wave established at the manufactured 13.6° (designed 14.5°) deflection compression ramp as one may expect 4, 6 . 
V. Conclusion
The primary objective of the present work is to present the 14-X Hypersonic Aerospace Vehicle, designed as an option of a new generation of scientific aerospace vehicle to replace not in a too distant future the conventional multi-stage rocket-powered vehicles, which have flown hypersonically, carrying their own propellant (solid and/or liquid, oxidizer along with fuel) to propel payloads and astronauts to Earth's orbit.
Experimetal investigation at the Hypersonic Shock Tunnels along with non-intrusive diagnostic techniques, Computational Fluid Dynamics (CFD) codes as well as Theoretical Analysis have been used to designed the 14-X Hypersonic waverider scramjet Aerospace Vehicle.
Experimental data of the waverider and scramjet configurations obtained with the Hypersonic Shock Tunnels have been used to compare with the CFD codes at the IEAv.
Also, the internal configuration (volum) of the 14-X Hypersonic waverider scramjet Aerospace Vehicle have been designed and specified, based on the on-board equipment's such as instrumentation, fuel tank, telemetry and data acquisition system, which some are specified to monitor the combustion during the flight of the 14-X Hypersonic waverider scramjet Aerospace Vehicle.
Several activities are just started after the previous dimensional design of the 14-X Hypersonic waverider scramjet Aerospace Vehicle as materials for the internal structure and Thermal Protection System, aerodynamic heating, thermal and structural analyses, interstage adapter system used to couple the 14-X Hypersonic Aerospace Vehicle and the Hypersonic Accelerator Vehicle and optimized trajectory.
